We evaluated five stream classification systems observing: 1) differences in richness, abundance and macroinvertebrates communities among stream classes within classification systems; and 2) whether classification systems present better performance using macroinvertebrates. Additionally, we evaluated the effects of taxonomic resolution and data type (abundance and presence) on results. Methods: Five stream classification systems were used, two based on hydroregions, one based on ecoregions by FEOW, a fourth one based on stream orders and the last one based on clusters of environment variables sampled in 37 streams at Rio Grande do Sul state, Brazil. We used a randomization test to evaluate differences of richness and abundance, a db-MANOVA to evaluate the differences of species assemblages and Classification Strength (CS) to evaluate the classifications performance. Results: There were differences of richness and abundance among stream classes within each stream classification. The same result was found for community data, except for stream order classifications in family level. We observed that stream classes obtained for each stream classification differed in terms of environment variables (db-MANOVA). The classification based on environment variables showed higher CS values than other classification systems. The taxonomic resolution was important to the observed results. Data on genera level presented CS values 12% higher than family level for cluster classification, and the data type was dependent on the classification system and taxonomic resolution employed. Conclusion: Our results indicate that classifications based on cluster of environment variables was better than other stream classification systems, and similar results using genera level can be obtained for management programs using family resolution in a geographical context similar to this study.
Introduction
Environmental classifications can be understood as a grouping of homogeneous areas in the landscape (Omernik, 1987; Omernik and Bailey, 1997) . These classifications are derived from characteristics such as climate, topography and vegetation type and are called ecoregions; when applied to agglomerate river networks are called hydroregions (Hawkins and Vinson, 2000; Van Sickle and Hughes, 2000; Munné and Prat, 2004; Moreno et al., 2006) . Likewise, we can use the features of rivers and streams to separate them on systems with similar characteristics, forming types of rivers in order to use them in management programs, research and restoration of water resources (Paavola et al., 2003; Ferréol et al., 2005) . The use of ecoregions or classifications derived from environmental variables can provide better descriptions of ecological processes in a particular region than classifications based on other criteria such as size of the watershed, hydroregion or stream order . Moreover, watersheds and hydroregions may facilitate the management of public policies to geographically defined areas (Omernik and Bailey, 1997) .
Both ecoregions and hydroregions should exhibit characteristics, such as current speed, stream size and geology of the drainage network, that are associated with patterns of ecological and evolutionary diversity of aquatic macroinvertebrate communities (Richards et al., 1996; Johnson et al., 2007) . However, some studies have shown that aquatic organisms present a better response to ecoregion classification systems . In the review of , five articles indicated that ecoregions better explained the aquatic communities than competing classifications based, for example, in stream order or hydroregions. In two other studies, however, classifications based on river basins obtained better results.
The results observed among environmental classification schemes may be dependent on the taxonomic resolution and organism used. Studies using the classification strength (CS) approach (Smith et al., 1990; Van Sickle, 1997) observed that high taxonomic resolution increases the classification strength. Feminella (2000) observed that the values of CS for hydroregions and ecoregions were similar, but the values observed at the species level were higher than the observed for family. Similar results were observed by Vinson and Hawkins (2000) . These authors observed that the values of CS for genera data were more than twice the values for family of aquatic macroinvertebrates for the same classification scheme.
Most studies that evaluated the effects of classifications in aquatic communities were conducted in temperate environments (Waite et al., 2000; Sandin and Johnson, 2000; McCormick et al., 2000; Paavola et al., 2003; Verdonschot and Nijboer, 2004; Verdonschot, 2006; Sánchez-Montoya et al., 2007) . Studies in tropical regions that assess the relationship between different stream classification schemes are scarce. Marchant et al. (2000) found in a study in Australia that classifications based on watersheds provided better results than ecoregions. Padial et al. (2012) observed that a posteriori classifications based on aquatic organisms of different taxonomic groups presented higher CS values than classifications based on a priori sample period of marginal lakes and connectivity in a flood plain in southern Brazil. Moreover, Pinto et al. (2009) observed that the ecoregions of Paraíba do Sul river in southeastern Brazil presented higher CS values for fish communities than other classification systems used.
We intend to compare five stream classification systems in terms of: i) differences on richness, abundance and macroinvertebrate community among stream classes of the classifications used and ii) compare the classification strength for macroinvertebrates assemblages of five stream classification of Rio Grande do Sul state. The two objectives were evaluated observing the possible maiores valores que os demais sistemas de classificação. A resolução taxonômica foi um fator importante, embora os dados no nível de gênero tenham apresentado valores de CS apenas 12% maiores do que aqueles observados para família, para a classificação baseada no agrupamento de variáveis. Conclusão: Nossos resultados indicam que classificações baseadas em variáveis ambientais são melhores do que os outros sistemas de classificação, e que monitoramentos baseados em famílias podem responder tão bem quanto o nível de gênero num contexto geográfico similar ao deste estudo.
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around 15 °C and in summer around 26 °C. The rainfall average is 1500 mm, but has periods of drought in some regions, mainly in the south of the state. The vegetation in the northern portion of the state is characterized by patches of forest areas with Araucaria angustifolia, Pinus spp. and native grasslands. In the southern portion, the vegetation is composed predominantly of native fields (IBGE, 1986) . The areas occupied by crops, exotic plantation forests and pastures are about 26.000 effects of taxonomic resolution and data type (abundance and presence-absence data) on the results.
Methods

Study area
The study was conducted in 38 streams at Rio Grande do Sul state, in southern Brazil (Figure 1) . The climate is subtropical with winter temperatures 2006). The state of Rio Grande do Sul includes two of the 12 hydroregions (Figure 1a) Sul, 2007) . According to SEMA, the state has three hydroregions for management purposes: Uruguay River Basin, identical to the PNRH region, Guaiba hydrographic region (84.500 km 2 ) and Littoral basin (57.000 km 2 ). These three regions include watersheds that drain into, respectively, the Uruguay River, Guaiba Lake and South Atlantic Ocean. The Uruguay and Guaiba Lake regions included 13 sampled streams and the Littoral region included 11 streams.
The fourth system was composed of the freshwater ecoregions of FEOW (Freshwater Ecoregions of the World -http://www.feow.org) (Abell et al., 2008) . The FEOW recognizes 25 aquatic ecoregions in Brazil, and four are present in the Rio Grande do Sul state. These are the high and low Uruguay ecoregions, being a division of PNRH and SEMA Uruguay hydroregion, Laguna dos Patos ecoregion and Tamandaí-Mampituba ecoregion. Three sampled streams represented ecoregion high Uruguay, 10 the low Uruguay, and 24 the Laguna dos Patos.
The fifth classification system was based on stream orders defined according to Strahler. The streams from 1st to 3rd orders formed the first class and those of 4th and 5 th formed the second one. According to Vannote et al. (1980) , streams of different orders harbor different ecological processes. This way, it can be possible to use stream order as a proxy to the classification of lotic systems. Thus, the class 1 had 27 streams and class 2 had 10 streams.
Aquatic macroinvertebrates were used to validate the classifications used. The individuals were collected in four riffles with a Surber sampler of 25 × 25 cm size and 0.5 mm mesh. We pooled the Surbers samples obtained in each stream to use in statistical analysis. Samples were individualized in plastic containers and preserved with 96% ethanol. At the laboratory, individuals were sorted, counted and identified to taxonomic level of genus. Diptera and Lepidoptera were excluded from analyses because they were identified mostly to family level. km 2 (Cordeiro & Hasenack 2009 ). The northern region presents the higher altitudes, around 1200 m. The average altitude is 400 m in the central and southern regions (IBGE, 1986) .
Stream classifications
We assessed the performance of five stream classification systems for Rio Grande do Sul state (Figures 2 and 3 ) to describe the community of aquatic macroinvertebrates. The first classification system is the result of the grouping of environmental variables (Table 1) taken at two scales, stream reach and catchment. At each of the 38 streams, a 50 m segment long was delimited to obtain samples. Within each segment, four riffles consisting of gravel and pebbles, and with minimum distances of 5 m to each other, were randomly selected for sampling of stream velocity and depth. We used the average in the statistical analyzes for the four riffles. We opted to restrict sampling to a single habitat because the streams located in the southern portion of the state usually do not present high diversity of habitats. One sample was taken in each stream regarding other physical and chemical variables (Table 1) . Stream width represented the widest section found in the studied reach. We quantified habitat quality using a habitat quality assessment protocol developed by Callisto et al. (2002) . After obtaining geographical coordinates for sampling sites, the catchment was manually delimited for each stream segment sampled following the topography and altitude marks using 1:50.000 maps in CartaLinx® software. The watershed level variables were obtained by thematic maps from the Biodiversity Conservation Brazilian Program -PROBIO (Brasil, 2007) in Idrisi® v. Taiga software. The main economic occupation in the watersheds defined in our study was cattle farms, which occupied around 30% of the watershed areas, followed by agriculture (4%) and forestry (2%). The variables were normalized to have the same measurement unit, after which we performed a cluster analysis by Ward's method based on Euclidean distance. The selection of number of groups followed Pillar (1999) . Four sharp groups were identified (A, B, C and D; Figure 1 ). Group A included 6 streams, B 11, C 12 and group D had 9 streams.
The second classification system is derived from the National Water Resources Plan (Brasil, 2006) and is based on the National Policy on Water Resources. The National Plan partitions the Brazilian territory in 12 hydroregions, which are an extension of the main river basins in Brazil (Brasil, 
Data analyses
2.3.1.Variation in the community
The analyses were performed taking into account importance of the taxonomic level (genus, family) and data type (presence-absence, abundance). We used a distance-based Multivariate Analysis of Variance (db-MANOVA) to assess if macroinvertebrate communities differed among stream classes of the classifications adopted in this study. The abundance data was transformed by log (x + 1) before the analyses. We used the BrayCurtis dissimilarity for abundance and Sørensen dissimilarity for the presence data. The significance values were obtained by 10.000 randomizations. We also evaluated whether macroinvertebrate abundance and richness differed among stream classes of stream classifications using a permutation test with 10.000 randomizations. We also evaluated whether environmental variables differed between classifications through a db-MANOVA using Euclidean distance for the classifications 2 to 5 (except for the classification based on environment variables). The variables were normalized to have the same measurement scale. The db-MANOVA and randomization tests were performed in the MULTIV software (available in http://www. ecologia.ufrgs.br/ecoqua).
2.3.2.Classification strength
We use the Classification Strength (CS) (Smith et al. 1990; Van Sickle, 1997) .
We used the mean similarity dendrogram approach (Van Sickle, 1997) (Mielke et al., 1976) . The MRPP test the differences between two or more groups defined a priori. The statistics is the overall weighted mean of within-group pairwises dissimilarities values among sample units within the group and generate a δ value, then the procedure hydroregions and ecoregions classifications. In the PNRH hydroregions, family richness was higher in the Atlantic region. For the ecoregions, family richness was higher in the Laguna dos Patos ecoregion and similar in the other two (Table 3) . For abundance data, differences were observed in the stream order classification, the higher values also observed in class 2. The communities differed between the classes of stream classifications used in this study, independent of the taxonomic resolution and the data type used. The exception was family abundance data that were similar among stream classes defined by stream order (Table 4) . In general, the CS values were numerically low for the five classifications used and ranging from 0.1% to 6.2% (significant results Table 5 ). The taxonomic resolution and data type were important to the result observed, and the CS values for the genus and family depended on the classification system used (Table 5 ). For taxonomic resolution the macroinvertebrates identified to genera had is repeated n times, and the distribution of δ alt is compared to δ obs . The statistic tests the null hypothesis δ alt = δ obs . We use 10.000 permutations in the tests. Estimates of CS and MRPP were made with Bray-Curtis similarity for abundance data, and Sørensen similarity for presence-absence data. The CS values were obtained in MEANSIM v.6 software (www.epa.gov/wed) and MRPP statistics in MULTIV software. The mean similarity dendrograms were obtained from a plot with the result of the meandist function for vegan package in R environment (R Development Core Team, 2009).
Results
The abiotic variables differed among stream classes of the classifications adopted (b-MANOVA; P < 0.05) ( Table 2 ). The observed values of genera richness were similar among groups of classifications except for the stream order classification, which was higher in class 2 than class 1. For families, differences among groups were observed between the PNRH CS value higher than family data for the stream classification schemes, except for abundance on hydro-PNRH approach. The stream classification obtained by grouping of environmental variables was better than the other classifications used. The mean dendrograms for abundance show arms, i.e. W i values, relatively longer than presence-absence data. This indicates that groups based on abundance data are more similar internally than those observed for the presence-absence data (Figures 2 and 3) . The relatively short arms observed in some classifications and values lower than the global mean between groups similarity (B _ ), show that these groups are more heterogeneous and, thus, contribute to the low CS values observed. In relation to taxonomic resolution, arms of the dendrograms obtained with genus data tended to be longer than those obtained with family data. watersheds that drain into the Uruguay River and the Atlantic Ocean. Thus, we could expect similar results. Our results also show that the taxonomic resolution and data type were important when evaluating the change in macroinvertebrates community and classifications strength (CS). The genus level obtained higher values than family when we observed the classification scheme. Added to this, the data type (presence-absence and
Discussion
The classifications used in this study were able to capture both the environmental and aquatic macroinvertebrates community variation. Except for the classifications resulting from the grouping of environmental variables and stream orders, the other classifications, the two hydroregions and the ecoregion are different arrangements of the genus level were higher than those seen for family level. On the other hand, Houghton (2003) showed that CS values obtained between classifications based on watersheds and ecological provinces were different, and the latter showed higher values when comparisons were done for the same spatial scale between the classifications. The differences between the classification approaches observed in this study are explained primarily by environmental differences among stream classes within each classification. Environmental variables have different values among stream classes within each classification system. For ecoregions, upper Uruguay ecoregion was similar to the Laguna dos Patos. When evaluating the differences in the community of aquatic invertebrates, the results corresponded to the differences in environmental variables. Thus, the environmental characteristics between stream classes are important to determine the macroinvertebrate community. Waite et al. (2000) showed that when ecoregions were divided by stream order, the macroinvertebrates responded primarily to the slope and stream order, and after them to the landscape characteristics summarized by ecoregion. Likewise, Houghton (2003) attributed the differences observed among the CS values to the environmental gradients observed between watershed classes and ecological classifications. The author noted that the stream classes of watershed are more heterogeneous than classes within ecological provinces (Houghton, 2003) . Waite et al. (2000) emphasize that the use of classifications based solely on watersheds (hydroregions) or ecoregions is not enough to classify the streams and local features, such as water chemistry, which must be added as criteria.
Environmental heterogeneity and rarity may explain our results. Van Sickle and Hughes (2000) attributed part of their results regarding differences among the ecoregions to taxa distribution among stream classes of the classifications used. The taxa may be abundant in a class and rare or absent in other classes within the classification used. The same explanation is used by Heino and Mykra (2006) . These authors observed weak overlap of river types defined by geomorphology in Finland, and attributed the individual responses of species to environmental gradients, as well as the effect of rarity. Macroinvertebrates are associated with some environment conditions. For example, pH and discharge can affect positively Seriscostoma personatum (Trichoptera) and negatively Leuctra niga (Plecoptera) (Townsend et al., 1993 pg. 529, abundance) showed slightly similar results among classifications schemes, the abundance data were higher to presence-absence results. The exception was hydroregion by PNRH, which showed an inversion when we observed the same taxonomic level. The classification strength values observed for the family in general were smaller than those observed for genus when observing the same stream classification (Van Sickle and Hughes, 2000; Sandin and Johnson, 2000; Houghton, 2003) . Previous studies have shown that when CS values are not similar between taxonomic levels, the finer level had higher CS value . Houghton (2003) showed that the values of CS for genus level were about 17% higher than that observed for family. The CS values recorded in our study between genus and family levels shows a reduction of approximately 12% in the values of CS value. Houghton (2003) argues that it is more likely that two types of rivers contain the same taxon when we use a coarser taxonomic resolution (family) when compared to the use of genus and species. In fact, our data included more families shared (70%) among stream classes of the classifications based on watersheds than that using genera (60%). These slightly similar values can explain the weak performance of the hydroregions for family level data. Higher taxonomic resolutions, such as genus and species, tend to be more sensitive to subtle changes in the environment than family (Resh and Unzicker, 1975; Cranston, 1990 show that although the classification systems are able to account for the variation of communities of aquatic invertebrates, classifications based on watersheds were inferior compared to those based on environmental characteristics. However, use of both approaches in conjunction must be further evaluated. The use of the FEOW ecoregions should be better evaluated because [ ] the upper Uruguay ecoregion had only three streams sampled, thus additional streams must be sampled in this region. The CS values of family resolution were lower than that of genus level, but the values were not very different. We recommend that biomonitoring programs on large scales may use information on family-level based and presenceabsence data. Though the genus results were better, family resolution provides rapid identification and processing, which reduces the final cost and produces similar responses to genus level when covering large geographic extensions. table 3), so the organism responses to environmental conditions determine their occurrence and abundance. Heino and Mykra (2006) argued that widespread species decrease the between-group heterogeneity and the rare species decrease withingroup similarity, resulting low CS value. When evaluated a posteriori, the taxa occurrence between the two stream classes of the hydroregions defined by PNRH, for example, of the 77 genera identified, 10 were exclusive of the Uruguay hydroregion, Alisotrichia, Abtrichia and Leucotrichia (Trichoptera), Agriogomphus, Cacoides and Perithemis (Odonata), Cryptonynpha, Homothraulus and Hydrosmilodon (Ephemeroptera) and Belostoma (Heteroptera). The South Atlantic hydroregion presented 19 exclusive taxa, including 11 genera of Trichoptera. Despite these exclusivities, these rare taxa occurred in up to 25% of the sites in both hydroregions, while other taxa occurred in similar proportions in both hydroregions. The stream classes defined by cluster of environmental variables presented marked differences both in occurrence and in abundance, but mainly in the taxa abundance among the four stream classes.
Environmental classifications are commonly defended as basic units for water resources management, especially ecoregions, by considering environmental characteristics such as topography, altitude and climate. Our results show that classifications using hydroregions, are inferior compared to the approach that uses grouping of environmental variables as a criterion for stream differentiation. This finding is consistent with previous studies (Van Sickle and Hughes, 2000; Feminella, 2000; Sandin and Johnson, 2000; Houghton, 2003) . Thereby, the use of hydroregions as summary of the environmental variability seems to be ineffective. Depending on the criteria used, stream classifications such as hydroregions or ecoregions, the aquatic community may not respond to the stream classes created. The environmental variables approach of grouping the streams used in our study is more consistent with the environmental condition observed in the study area measured. According to , the combined use of hydrological regions and ecoregions can provide better results than when used individually. The use of environmental classifications is an important tool in the management process to monitor water resources programs and serves as a basis for recovery of degraded areas with similar characteristics (Hawkins et al., 2000) . Our results
